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I. INTRODUCTION 



The experiments E787 and E949 at Brookhaven National Laboratory have detected three 
events for the rare mode —> vr+z/P. Although the statistics are rather limited so far, the 
collaborations have published a branching ratio B[K^ -k^vt)) = (l-57lo!82) ^ 10-^° for 
E787 Q and B{K+ n+uu) = (1.47tJ:i) x 10-^° for the combined E787 and E949 Q 
which is consistent within errors with the standard model prediction B{K^ tt+z/z/) = 
(7.2 ±2.1) X 10-11 lalLQ] but which has a central value roughly twice the standard model 
expectation. 

This potential discrepancy with the SM has already generated much interest in the litera- 
ture. In extensions of the SM there are new sources for flavor changing neutral currents which 
can affect the branchingratio for ir^uiP and reproduce the central value obtained by 

E787 and E949 flSUQ- 

New interactions that affect predominantly the third generation are a potential type of 
new physics that can also enter in this context. Since the process occurs in the standard 
model via an intermediate top-quark loop, and since it is sensitive to all neutrino generations, 
K TTuu has the potential to probe for non-standard couplings of the third generation. 

Several scenarios for interactions that single out the third generation have been discussed 
in the literature. Among them topcolor, where the low energy processes mediated by FCNC 
have already been discussed in Ref. Another possibility consists of new gauge i nterac- 
tions for the third generation. One concrete example was developed in Ref. [10, where 
we constructed a class of models with enhanced right-handed interactions for the third gen- 
eration. These models are motivate d by the small disagreement between the standard model 

13[. In this paper we will use this example to illustrate 



and the measured A^p^ at LEP 



an 



how rare modes such as K ^ uvu indirectly probe the physics of the third generation. We 
consider all the low energy FCNC processes that involve third generation leptons. Some of 
these processes constrain our models and we use them to discuss the implications for the 
rest. 

The models we consider have been described in detail in Ref. Their distinctive 

characteristic is a new right-handed interaction that affects predominantly the third family. 
Models of this type are interesting in general because they provide specific parameterizations 
for potential new physics in the couplings of the top-quark. These, in turn, are necessary to 
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test the standard model with experiments designed to determine precisely how the top-quark 
interacts. The specific form of the interactions in the models we consider here is motivated 
by the apparent anomaly in the measurement of A^p^ at LEP. 

II. THE MODEL 

The models discussed are variations of left-right models in which the right-handed inter- 
actions single out the third generation. The first two generations are chosen to have the 
same transformation properties as in the standard model with f/(l)y replaced by U{1)b-l, 

Ql = (3, 2, l)(l/3), Ur = (3, 1, l)(4/3), = (3, 1, l)(-2/3), 

Li = (l,2,l)(-1), E^ = (l,l,l)(-2). (1) 

The numbers in the first parenthesis are the SU{?>), SU{2)l and SU{2)ji group repre- 
sentations respectively, and the number in the second parenthesis is the U{1) charge. For 
the first two generations this is the same as the U{1)y charge in the SM and for the third 
generation it is the usual U{1)b-l charge of LR models. 

The third generation is chosen to transform differently, 

Ql{3) = (3, 2, l)(l/3), Qn{3) = (3, 1, 2)(l/3), 

Ll{3) = (1, 2, 1)(-1), Ln = (1, 1, 2)(-l). (2) 

The correct symmetry breaking and mass generation of particles can be induced by the 
vacuum expectation values of three Higgs representations: Hji = (1, 1,2)(— 1), whose non- 
zero vacuum expectation value (vev) vr breaks the group down to SU{3) x SU{2) x f/(l); 
and the two Higgs multiplets, = (1,2,1)(— 1) and (p = (1,2,2)(0), which break the 
symmetry to SU{3) x U{l)em- 

The relative strength of left- and right-handed interactions is determined by a parameter 
cot Or. In the limit in which this parameter is large, the new right-handed interactions 
affect predominantly the third generation. The right-handed interactions may have a triplet 
of gauge bosons or only a Z' depending on the model. The W mixes with the W through a 
mixing angle C,w which is severely constrained by 6 ^ 57 [10]. The Z' will also mix with the 
Z through a mixing angle ^z, and this mixing is severely constrained as well. In particular, 
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it was found in Ref. that the measurement of gRr at LEpQ| imphes 

cot^Kez<10-' (3) 

if the new interaction affects the third generation leptons as well as the quarks. One way out 
of this problem is to extend the models with additional fermions so that the interactions of 
the r and Vr are the same as in the standard model. These extensions are not significantly 
constrained by K —>■ ttuu or other low energy FCNC processes and we will not discuss them 
further in this paper. 

Alternatively one must demand that the W — W and Z — Z' mixing angles be small. 
A simple way to accomplish this at tree-level has been discussed in Ref It consists of 
taking the vevs of the field to be f 2 = in the 2 — 2 entry and vi = v in the 1 — 1 entry. 
This eliminates W — W mixing. In addition, one can also eliminate Z — Z' mixing at tree 
level by demanding that the vev of Hi, vl, be equal to f cot 9r. 

In Ref. the process e"'"e~ bb at LEP-II was used to obtain a lower bound for the 
mass of the new Z' gauge boson for a given cot Or. For our present purpose that bound can 
be approximated by 

cot0^tan^vy(^) ~1. (4) 

Within this framework there are two potentially large sources of FCNC. The first one, 
through the coupling di'-y^PndjZ'^^ which occurs at tree level and which also receives large 
one-loop corrections (enhanced by cot Or). The processes we discuss will allow us to constrain 
the right-handed mixing angles that appear in these couplings. There is a second operator 
responsible for FCNC of the form di'^^PLdjZ'^ . This operator first occurs at one-loop with 
a finite coefficient that is enhanced by cot Or. This operator is present even when there are 
no FCNC at tree-level. Because it is enhanced by cot Or., it can contribute to a low energy 
FCNC process at the same level as the ordinary electroweak penguins mediated by the Z 
boson even though Mz' » Mz- Both of these operators can give rise to large contributions 
io K nvv and we discuss them separately in what follows. 

A. Tree Level FCNC 

The models contain flavor changing neutral currents at tree level that contribute to 
K -nvv as shown in Figure ^ For models in which the third generation lepton couplings 



V dis 





FIG. 1: Tree-level diagrams responsible for (a) K txvv and h ^ (s or (£)vv\ (b) K — K and 
B — B mixing; and (c) CP violation in K ^ vrvr. 



are also enhanced, the relevant interactions are 



111, 
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z = - tan 9w (tan 9r + cot 6r) (sin ^zZ^ + cos ^zZ'^) 



(5) 



In this expression g is the usual SUl{2) gauge coupling, 9w the usual electroweak angle, 9^ 
parametrizes the relative strength of the right-handed interactions, C,z is the Z-Z' mixing 
angle and < - the unitary matrices that rotate the right-handed up-(down)-type quark, 
from the weak eigenstate basis to the mass eigenstate basis [llj. For K — > tcuu Figure ^a) 
shows two types of FCNC: one is mediated by ordinary Z exchange and is proportional to 
cot 9ji^z/Mz while the other one, mediated by a Z' exchange, is proportional to cot^ 9r/Mzi- 
Eqs. 0] and m indicate that the latter dominates so we will ignore the Z-Z' mixing from now 
on and concentrate on the simpler model with vl = v cot 9ji where = as mentioned 
above. Notice that the only enhanced couplings to leptons are to t"^ and to u-r- For this 
reason other rare processes such as —>■ fj^^fi^ are not affected in these models. 

For large values of cot 9r, the dominant tree-level operator responsible for K nuu and 
for 6 — > (s or d)i>u is given by 



(6) 



Similarly, from Figure ^b), the new |AF| = 2 tree-level operators contributing to K — K 



5 



and B — B mixing are 



c = {v^t^v^^y da.Pnd, d.YPnd, + h.c. (7) 



4M|, 



Finally, from Figure ^c), the new \ AS\ = 1 operator contributing to K ^ and to e' is 

^^tan^ Ow coi^ Or 



^ = -VZV^MSl.Pnd 

{v^uV^ituUrPRU - Vi^,Vi,,drPRd) + h.c. (8) 

The phenomenological constraints that exist on flavor changing processes will severely re- 
strict the non-diagonal right-handed mixing angles V^j^- that appear above. 

B. Effective dij^PLdj Z' operator 

A second mechanism to provide a relatively large contribution to K"^ —>■ vr+z/P occurs at 
one-loop level and is present even when all the flavor changing couplings V^^^ vanish. It is 
an effective Z' penguin interaction resulting from the diagrams (in unitary gauge) shown in 
Figure El The set of diagrams shown corresponds to those that can be enhanced by a large 
value of cot 6r and only arise from the intermediate top-quark in the loop. The resulting 
low energy effective interaction is obtained by setting the external momenta to zero in the 
calculation of the loop diagrams. It can be written as 

jCeff = ^tanOw cot eRV,*^Vt,I{XuXH)da>.PLdj Z'^ (9) 

where /(At, Xu) is the corresponding Inami-Lim type function. When a third generation 
lepton pair is attached to the Z' a second factor cot Or is introduced. The resulting coupling 
compensates for the small Mz/Mz' ratio and makes this mechanism comparable to the 
standard Z penguin as follows from Eq. |3] 

Additional diagrams involving a second charged scalar that occurs in the models give 
rise to the operator s'j^PRdZ'. We do not need to consider them because they are simply 
one-loop corrections to the couplings already discussed in the previous section. 

To compute the function /(A*, Xh) we work in unitary gauge and restrict ourselves to 
forms of the Yukawa potential in which 6-quark intermediate states (and flavor changing 
neutral scalars) do not appear. The vertices needed for this calculation appear either in 
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w|^>AA/WWz' 



(a) 




nAAA/WVz' 



(b) 



t 



— ^ 



H 



■;vwwz' 



Hi 

(c) 




FIG. 2: One- loop Feynman diagrams generating the Z' penguin operator of the form di'j^PidjZ'^ 
in unitary gauge. 

the appendix or in Ref . ^ . Diagram (a) in Figure |21 is the only one that does not involve 
additional parameters from the scalar sector of the models, it results in 



\l - 2At + 4 



A, - 1 2 e 



(10) 



We have regularized the ultraviolet divergence in dimensional regularization with 

1 2 



- 7 + log(47r) - log /i . 



(11) 



e 4 — n 

The remaining diagrams in Figure |21 cancel the divergence and make the overall result finite 
but they introduce a dependence on the Higgs parameters. For illustration we consider a 
simplified Yukawa sector detailed in the appendix in which only one Higgs mass appears in 
the result. We obtain 

At 



/(At, A 



H 
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FIG. 3: I{Xt, \h) for cot 9r = 3 to 10 and Mh = 400 to 1200 GeV. 



XHiXjj + QXt-TXn) , , , 2A2 - SAhA^ - 5At + 6A^^ 



12) 



{XH-l){Xt-XHr (Ai-l)(At-AH) 
This form factor is shown in Figure El for values of cot 6r between 3 and 10 and of 
between 400 and 1200 GeV. Within this simphfied Yukawa sector the new Z' penguin has 
the same flavor dependence as the standard model Z penguin, namely VuVtj. 

III. CONSTRAINTS FROM MIXING AND CP VIOLATION 
A. K - K Mixing 

In many cases tree-level FCNC are severely constrained by i^ — ^ mixing as in the second 
diagram of Figure H In our models Eq. |H1 generates a new contribution to the — Ks mass 
difference: 

fif^ tan^ 6'w cot^ 6'r 2 ^ / ^ \2 , , 
A^l, -^FlMKBKRe{v^lV^ . (13) 
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The calculation of AM in the kaon system is complicated by the existence of long distance 
contributions. To constrain the new interaction we will require that its contribution to the 
— Ks mass difference be at most equal to the largest short distance contribution in the 
standard model, which is given by 



^ ^.fIBkMkMI {y:,v^,f v,^. (14) 

In this expression the QCD correction factor rji is equal to 1.38, the kaon decay constant 
Fk and Bk are as in the notation of Ref. For our numerical estimates we will use the 
values of the CKM parameters found in Ref. in the Wolfenstein parameterization: 

A = 0.224, A = 0.839, p = 0.178, r] = 0.341 (15) 

With all this, we obtain a constraint on the right-handed mixing angles 

Re cot^ en tan^ [j^j < 2.4 x 10"^ (16) 

If we further use Eq. |3J and we assume that any new phases are small, this implies that 

Re < 1.5 X 10-^ (17) 



B. B - B Mixing 

Similarly we consider the new contributions to mixing in the -B-sector from Eq. [7| The 
calculation of AM in the -B^ system is much more precise than in the kaon system, and 
the result agrees rather well with the measurement. In this comparison, the dominant 
uncertainty occurs in the parameters and Bb^ that occur in the calculation. Following 
Ref. 0] we write 

(AM)b^ = 0.50 ps"^(l ± 0.15)2, (18) 

which corresponds to taking Fb^^Jb^ = 230 ±35 MeV, and ignoring all other uncertainties. 
This is to be compared to the world average (AM)^^ = (0.503 ± 0.006)ps~^ In view 
of this we will demand that the new physics contribution be smaller than the theoretical 
uncertainty. With these numbers and Eq. [7|we find, 

((AM)Bj„e«, = cot^^^tan^^H' (^^) 



yd* T Ad 
^Rbb^Rbd 



3.2 X 10"^ GeV < 10"" GeV. (19) 
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Once again, we may combine this result with Eq. 0] to find 



yd* yd 
^Rbb^Rbd 



< 1.8 X 10" 



(20) 



For {AM)bs there exists only a lower bound. We first consider the ratio of the new con- 
tribution to the standard model where the latter is obtained from the effective Hamiltonian 



a 



n 



q2 

SM = -^M^ {V,lVts)'v2BSo{xt) h^PLS I^Pls. 



Using S'o(xt) ~ 2.56 and ?72b = 0.55 ^] this results in 

2 



(AM) 



Bs —new 



(AM) 



530 



Bs-SM 



yd* yd 
^ Rbb^ Rbs 



cot^ On tan^ 9 



w 



\Mz' 



(21) 



(22) 



ll|), and Eq.H 



We can simplify this further by using Vtb ^ I, V^^fc ~ ^ (^^ discussed in Ref. 
The eventual measurement of Bg mixing will impact the modes that we discuss next. For 
this reason it will be convenient to define a parameter characterizing the deviation from 
the standard model prediction (AM)^^ = 17.2 ps^"*^ 

/(AM)b, -17.2ps-i\ 



^ V 17.2 ps-i ; 

If we then require the new contribution to explain any deviation from the SM we obtain 



(23) 



K,|< 1.8x10-3 



Alternatively, we can use FbJFb^ = 1.2 to write 

{/\M)B^-new 



(AM), 



1.5 



yd 
^ Rbs 



yd 
^ Rbd 



(24) 



(25) 



C. CP violation in e and e' 



We can also place bounds on the phases of the right-handed mixing angles by considering 
the contributions of Eqs. [7|and|Slto e and e' respectively. From Eq. [7| 



ImM 



g'^ tan^ 9^ cot^ 9r 2 
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4M|, 



-FIBkMkI^^ {vi^Xbd 



(26) 



Within the standard model the theoretical uncertainty arises predominantly from Bk and 
is about 30%. Consequently we will compare the new contribution to the corresponding 
expression in the standard model and demand that 



1.7 X 10^° cot^ 9b. tan^ 0^ (jf-) Re {V^IVL) {V^M,,) < 0.3. (27) 
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With the aid of Eq. 0] this then imphes that 



(28) 



We turn now to the effect of Eq. |Hlon e'. fn this case there are large theoretical uncer- 
tainties and it is best to treat the new contributions as a correction to the result obtained 
from the standard penguin operator eg. We write 



— — f — j (1 — ^SM — ^new) ■ 



(29) 



The parameter Qnew contains the corrections from new physics and we follow Ref. Q| to 
write Eq. |H1 as 

(30) 



-ly - 3~ (\ n^^) \ n^^)\ 

rinew — -TJ y^dd^dd -^uu^ud ) 



We thus identify A = Mz' and 



A 



A2 



tan^ 9w cot 2 Or 



dd 



yms^Rbd) ^Kbd 



tan^ 6w cot 2 6 



1 ^Rbs ^ Rbd j I ^ Rtu\ ■ 



Using the results of Ref. [15[ this leads to 



^new = 4 cot^ 9ji tan^ 9w 



w 



My, 



2.58 



Rbd 



+ 2.52 \V^, 



Rtu\ 



d 

Rbd 



We require this correction to be less than one and we use Eq. 0] to obtain 



Rbd 



rd-k Trd 
'Rbs ^Rbd 



+ W^J' ] Im iV^LVD < 1.3 X 10"^ 



(31) 



(32) 



(33) 



IV. DECAYS K TTuv 

To quantify the new contributions to the rate K ttuj? that occur in these models, it 
will be convenient to compare them to the dominant standard model amplitude. This one 
arises from a top-quark intermediate state through the effective Hamiltonian P| 

Gf 2a 



yzvrsm aw ^ 



(34) 



In this^xpression Xt = rn^/M^r and the Inami-Lim function X{xt) is approximately equal 
to 1.6 ^]. 



11 



A. TT^VV 



We first consider the tree-level operator of Eq. IHl Noticing that only the vector current 
contributes to the K it matrix element, that the new interaction couples only to one of 
the three light neutrino flavors (the u^-), and that the right handed nature of the coupling to 
the neutrino prevents this amplitude from interfering with the SM amplitude, we can write 
for the rate r(A'+ n^uu) 



r ^ 

^ new ~ 



1130 cot^ ORtan^ Ow 



/Ml 



w 



\Mz' 



^Rbs^Rbd 



SM- 



(35) 



We use the notation Tsm to indicate that this is only the contribution from the top-quark 
intermediate state. If we use Eq. |3] as well as the constraint from K — K mixing (Eq. ITTj) 
assuming that the real part dominates, we find that —>■ -k^vv can be enhanced by two 
orders of magnitude with respect to the SM prediction 



200 r 



SM- 



(36) 



Of course this result is in gross violation of the experimental observation, implying that the 
process — >■ ir^vv already places a much stronger constraint on these angles than K — K 
mixing does. If we require that the new contribution to —>■ tt^vv be at most as large as 
the standard model (which is needed to match the E787 and E949 central value) we find 



^ Rbs ^ Rbd 



cot^ Or tan"^ 6 



w 



w 



My, 



yd* yd 
^ Rbs ^ Rbd 



< 8.9 X 10' 



< 1 X 10"^ 



or. 



(37) 



At present these models can accommodate the B{K^ — * vr+z/z/) obtained by E787 and E949. 
However, if we bound \V^^gV^fj^\ by a combination of Eqs. QUI and 1^ assuming that 63^ is 
at most of order one, we find that this new contribution to ti^uj? is very small. 

After suppressing the tree-level FCNC to a phenomenologically acceptable level, there 
remains the new one-loop effective interaction of Eq. IHl This effective interaction leads to a 
correction to n^uu 



i^new ~ 77T cot 9r tau 9w Yr~ 
iZ \lVlz' 



/(Ai,A 



H 



X{xt) 



SM- 



(38) 



Using Eq. |3] and requiring B{K~^ -k^vv) to be twice the SM result (approximately the 
central value of the measurement) gives 



/(Af,A^^) = 5.54. 



(39) 
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M„ = 1 TeV 

rl 



cot e„ = 8 

K 





10 - 



cot e„ 



400 600 800 1000 1200 



mjj(GeV) 



FIG. 4: /(Ai, Xh) for a) Mh = I TeV and b) cot 9r = 8. 

From Figure El we see that it is possible to obtain this result in our model. In Figure E] we 
show two projections of Figure El for Mh = 1 TeV and cot 6 a = 8. From these we can read 
off the respective constraints that result from demanding that /(At, Xh) < 5.54 



cot en<9 for Mh = 1 TeV 
Mh > 950 GeV for cot 9r = 8. 



(40) 



The form of this constraint is much more complicated for the most general Yukawa sector. 
However, it is possible to enhance the K'^ vr+z/z/ rate by the factor of two suggested by 
E787 and E949. 



B. Kl 7r°i>i/ 

In this case the rates are sensitive to the CP violating component of the effective inter- 
actions. For the tree-level operators 

r_ ~ llSOcot^^^tan^^v. f^)' f ^T^^gl^^V V ^.m- (41) 

KMz'J \ Im(V;^V^d) J 

Using the current experimental bound B{Kl ti^uu) < 5.9 x 10~^ [l^, combined with 
the standard model prediction (central value) B{Kl ix^vv) = 2.4 x 10~^^ P| and Eq. 01 
results in 



d 

Rbd 



< 6.3 X 10" 



(42) 
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Alternatively, if we use Eq. EH assuming that the imaginary part saturates the tt^vu 
rate, we find 

B{Kl TT^uu) < 1.4 X 10"^°. (43) 

As mentioned before, the one-loop operator (Eq. IT^ has the same phase as the stan- 
dard model effective Hamiltonian, Eq. 03] and therefore its contribution to Kl —>■ tt^uu is 
rigorously limited by its contribution to -k^vv. If this is the only new physics present 

r(/a ^ ^ r,A. ( ^g: : . (44, 

V. RARE B DECAY MODES 

The K decay modes discussed in the previous section have obvious extensions to the B 
sector. In addition to that there are additional modes involving the third generation charged 
lepton that are also enhanced in the models we discuss. The inclusive modes of the form 
B Xt^t~ receive contributions from an intermediate photon and are less sensitive to the 
Z' operators so we will not discuss them. Additional B decay modes have been considered 
within the context of FCNC and Z' ^^l- These additional modes involve first and second 
generation fermions coupling to the Z' and for this reason they do not constrain our model 
significantly. 



A. B ^ Xd.vi' 



For the modes B — > Xd^sUu the analogue to Eq. |2Slfor the tree-level FCNC is 

2 



1130 cot^ ORtan^ 6 



w 



^Rbb^Rbi 



, ^ ^^^^^ . (45) 

For B Xdvv we can use the constraint Eq.EDltogether with Eq.^Jto see that the additional 
new contribution does not change the standard model prediction by more than 50%. Using 
the central value Bsm{B — > X^vv) = 1.6 x 10~^ ^ this implies 

B{B Xduu) < 2.4 X 10"^ (46) 

Similarly we can use Bsm{B — ^ XgUu) = 4 x 10~^ P], along with Eqs. 1221^1 to obtain in 
terms of Eq. ESI 

B{B ^ Xsuu) < Ax W~%1 + 2 6bs)- (47) 
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At one-loop the form of Eqs|^ and ^1 implies that these modes receive identical constraints 
to EqEHl 



B. Bi T+T- 

Finally the effective Hamiltonian responsible for Bi t^t^ within the standard model 
is S 

H = .^2. V,lVu Y{xt) h,PLd. t^Plt (48) 

y/ZTT Sm Uw |-| 

where the Inami-Lim function Y{xt) ~ 1.06 p|. Using the central values for hadronic 
parameters from Ref. P| this leads to standard model branching ratios B{Bs r+r^) = 
1.1 X 10"^ and B{Bd r+r-) = 3.3 x 10"^ The contribution of the tree-level FCNC to 
the rates, normalized by the standard model rate is 



^new nnnn An ( 



7730 cot* tan* B 



^ SM ^ \Mz' . 

This is somewhat larger than the corresponding ratio for h ^ divv because it does not have 
the factor of 1/3 that indicates that only the couples strongly to the new interactions 
and also because Y{xt) is slightly smaller than X{xt). With the constraints Eqs. El and l20l 
we find that 

B{Bd r+r") < 1.5 x 10"^. (50) 
For the Bs we resort again to Eq. 1221 to write 

B{Bs T+T-) = 1.1 X 10"*^ (1 + 15 6bJ . (51) 

The contribution to these rates from the new penguin operator, relative to their standard 
model value, is about a factor of 7 larger that its contribution to the vr+z/z/ mode. 

Again, this factor arises from Y{xt) being somewhat smaller than X{xt) and because the 
new operator only couples to u-r- 

VI. SUMMARY AND CONCLUSIONS 

We have examined the effects of a new non-universal right-handed Z' boson on several rare 
flavor changing processes: vr+z/P, Kl —>■ n^uu, K — K and B — B mixing, B — > Xd^si'i' 



^Rbb^Kbi 



V,tVu 



(49) 
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and B t~^t~ . There are two mechanisms by which these models can enhance these modes 
with respect to the standard model. 

The first mechanism arises from tree-level FCNC present in the couplings of the non- 
universal right-handed Z' boson. The new Z' boson can only have large couplings to third 
generation leptons and its couplings to the r lepton are constrained by LEP. In the quark 
sector, the flavor conserving couplings of the Z' are large only for the b and t quarks. 
However the flavor changing couplings to the first two generation quarks could be large if 
the right-handed mixing angles are large. In this paper we obtained stringent bounds on 
these mixing parameters using known experimental data on AMk, ^k, Bd mixing, e' /eK and 
TT^uu which we summarize in Table HJ 



TABLE I: Summary of constraints for tfie rigfit-handed mixing angles. 



Process 



Constraint 



{AM)k 



yd* yd 
^Rbb ^Rbd 



yd* yd 
^Rbb ^ Rbs 



< 2.4 X 

< 1.8 X 10""^ 

< 1.8 X 10-^ 



Re(Vj 



yd 
^Rbd 



Rbs^Rbd) I™ {yRbs^Rbd 



yd* yd 
^Rbs ^Rbd 



< 2 X 10"^^ 

< 1.0 X 10-5 



I 

II 

Ill 

IV 
V 



At present, the models can reproduce the central value of E787 and E949 for the rate 
for — s> TT+z/z/ with the tree-level FCNC. However this can easily change if Bg mixing is 
measured and does not deviate much from the standard model. With all the constraints on 
Table lU we can predict additional modes which we summarize in Table ITTl 



TABLE II: Summary of Predictions. 



Process 


Prediction 


From 


B{Kl- 


7r°i/P) 


< 1.4 X 10-^° 




V 


B{B 




< 2.5 X 10-6 




II 


B{B 




< 4 X 10-5(1 + 2 




^B. 


B{Bd- 


> T+r-) 


< 1.8 X 10-^ 




II 


B{Bs- 




< 1.1 X 10-6(1 + 15 (5 
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The second mechanism to enhance the flavor changing processes occurs at one-loop in the 
form of a dij^^Pidj Z'^ penguin. The models contain too many free parameters to specify 
completely the coefficient of this operator. We worked with a simplified model in which 
the coefficient can be predicted in terms of one Higgs mass and cot 6ji. In this case we 
found that the process — ^ vr+i/z/ can be enhanced to meet the central value of E787 and 
E949. Assuming that this central value is correct, we can use tt^uu to predict other 

processes. We find that Kl —>■ tt^uu and B Xd^si-'^ are enhanced with respect to the 
standard model by exactly the same factor as vr+z/z/ with this mechanism. On the 

other hand the modes Bd^s t^t^ are enhanced approximately seven times as much. 

At present the models allow large deviations from the standard model in Bg — Bg mixing 
and in rare B decays such as B^^g —>■ t^t^ . They can also reach the central value of E787 
and E949 for —>■ tt^uu both with the tree-level FCNC and with the new Z' penguin 
operator. A measurement of B^ — B^ mixing will most likely limit the tree-level FCNC 
contribution to n^uu to a very small correction. The Z' penguin operator, however, 

will not be constrained by this measurement and can still enhance K'^ n^uu significantly. 
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APPENDIX A: YUKAWA SECTOR AND GAUGE-BOSON-SCALAR COU- 
PLINGS 

The most general Yukawa potential for these models is given by 

+ qik<pq% + qiUqI (ai) 



where i = 1,2,3, j = 1,2, Hi = iT2Hl, cp = iT2(j)*iT2 and we use the notation of Ref. 11| 
for all fields. This Lagrangian contains too many free parameters so we restrict ourselves 
to a simpler case. We pick Ai^2 = and Ai^2 = 0. These choices imply that rrit = — Asf , 
rrib = X3V and the necessary fermion-scalar couplings become 



^y = —^ cos 9r {v^lhtRH^ + V*SLtRH^ + V*ddLtRH{) • (A2) 
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The vertices of the form ZHH not aheady hsted in Ref 
grangian 

igL tan 9^ ( vj^ cos^ 6r + 2f ^ cos^ 6r — v"^ 



are obtained from the La- 



C 



2 cos 6ji sin Or \ '^r + "^^ 

+ (2 cos^ Or - 1)Z'^ (H^d^Ht - H+d^H^ 



(A3) 



Finally, the vertices of the form Z'WH are obtained from the Lagrangian 

£ = -4 f ^^I^'-^Z'^WgH^ + '-^z'^wt^nA . 

V2 \Jvl + v^ cos Or smOR ^'^ 



(A4) 
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